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EFFECTS OF CONFIGURATION GEDME;TRY 

ON THE TRANSONIC AEROMNAMIC CHARACTERISTICS 

OF CANARD AIFPLANE CONFIGURATIONS 

By James A. Blackwell, Jr., and Thomas C. Kelly 
Langley Research Center 

SUMMARY 

A n  investigation was conducted in the Langley 8-foot transonic pressure 
tunnel over a Mach number range of 0.40 to 1.20 to determine the effects of 
geometric variations on the aerodynamic characteristics of a canard airplane 
configuration. The geometric variations investigated were the effects of wing 
planform and vertical location, forebody deflection and length, and canard plan- 
form, deflection, and dihedral. The Reynolds number per foot of the tests var- 
ied with Mach number over a range of 1.69 x lo6 to 3.11 x 10 6 . 

The results indicate that the trapezoidal-wing configuration exhibited 
higher lift-curve slopes, reduced drag due to lift, and increased lift-drag 
ratios relative to the delta-wing configuration throughout the Mach number 
range of the investigation; however, the delta-wing configuration exhibited 
a much lower transonic drag rise. At low Mach numbers, the trapezoidal-wing 
configuration experienced wing stall at lift coefficients for which no indica- 
tion of stall was evident for the delta-wing configuration. Variations in ver- 
tical location of the trapezoidal-wing planform had little effect on the low- 
lift longitudinal aerodynamic characteristics. At large angles of attack, 
movement of the wing from the low to the high position was accompanied by an 
improvement in subsonic longitudinal aerodynamic characteristics, particularly 
a delay in the onset of wing stall. 

Deflections of the fuselage forebody with the canards on or off provided 
significant increases in the zero-lift pitching moment with little or no 
increase in drag. Increasing the forebody length resulted in a decrease in 
static stability level and an increase in canqrd pitching effectiveness as a 
result of the increase in canard moment-arm length. 

The trapezoidal canard exhibited a higher pitching effectiveness compared 
with the delta canard at low lift coefficients, but experienced earlier stall 
at the lower Mach numbers with an attendant l o s s  in effectiveness. 

Increases in the dihedral of the trapezoidal canard resulted in significant 
increases in longitudinal stability and a notable l o s s  in directional stability. 



INTRODUCTION 

I n  current  supersonic a i r c r a f t  design, such as the  commercial air  t rans-  
port ,  increased desi- Mach numbers have d i c t a t e d  the use of high wing sweep and 
rearward engine placement. These design concepts have had an e f f e c t  i n  bringing 
about renewed in te res t  i n  the use of a canard as a longi tudinal  control  device. 
This i n t e r e s t  stems l a r g e l y  from the  f a c t  t h a t  highly swept wings and rearward 
engine placement result i n  a rearward movement of the  a i rp lane  center-of-gravity 
pos i t ion  which reduces the  t r i m  effect iveness  of an aft-mounted horizontal  t a i l  
and improves the  canard t r i m  effect iveness .  

Extensive invest igat ions (summarized i n  refs. 1 and 2)  conducted a t  Langley 
and Ames Research Centers have added considerably t o  the  information avai lable  
on the e f f e c t s  of var ia t ions  i n  canard, wing, and body arrangement. A s  a con- 
t inua t ion  of these  s tudies ,  an invest igat ion w a s  conducted a t  transonic speeds 
t o  show the e f f e c t s  of wing planform and v e r t i c a l  location, forebody def lec t ion  
and length, and canard planform, deflection, and dihedral .  Many of the config- 
urat ions used i n  t h i s  invest igat ion a r e  i d e n t i c a l  t o  those f o r  which r e s u l t s  a t  
supersonic speeds a r e  reported i n  reference 1. 

The present inves t iga t ion  w a s  performed i n  the  Langley 8-foot transonic 
pressure tunnel over a Mach number range of 0.40 t o  1.20. 
per foot  of the tests var ied with Mach number over a range of 1.69 x 106 t o  
5.11 x 106. 

The Reynolds numbers 

The angle-of-attack range var ied from about - 2 O  t o  20°. 

SYMBOLS 

The r e s u l t s  a r e  presented as force and moment coef f ic ien ts  with the long3- 
tud ina l  aerodynamic da ta  re fer red  t o  the s t a b i l i t y - a x i s  system and the la teral  
aerodynamic .data re fer red  t o  the body-axis system. The reference center  of  
moments w a s  on t h e  center  l i n e  of t h e  body a t  a point  I 2  inches forward of the  
base f o r  a l l  configurations. The symbols a r e  defined as follows: 

wing span, i n .  

wing mean geometric chord, i n .  

hinge l i n e  

m a x i m u m  l i f t - d r a g  r a t i o  

free-stream Mach number 

free-stream dynamic pressure, lb/sq f t  

Reynolds number per foot  

wing area,  including fuselage intercept ,  sq f t  



CL 

CD I Cm 
I c2 

Cn 

a 

B 

6n 

'D, o 

Cm, o 

cLa 

%L 

c% 

nj3 
C 

czj3 

Lift lift coefficient, - ss 
Drag drag coefficient, - ss 

Pitching moment pitching-moment coefficient, 
qsc 

Rolling moment rolling-moment coefficient, 
qSb 

Yawing moment yawing-moment coefficient, 
SSb 

Side force side-force coefficient, 
qs 

angle of attack, measured relative to center line of rear of 
body, deg 

angle of sideslip, measured relative to center line of body, 

angle of canard dihedral, measured relative to horizontal plane 

deg 

containing center line of forebody, deg 

angle of canard deflection, measured relative to forebody center 
line, positive when trailing edge down, deg 

angle of forebody deflection, deg (see fig. 1(a)) 

drag coefficient at zero lift 

pitching-moment coefficient at zero lift 

lift-curve slope, measured at CL = 0, - acL per deg a, 

per deg longitudinal-stability parameter, measured at CL = O ,  - acm 
aCL 

canard pitching effectiveness parameter, measured at CL * 0 using 
6c = Oo and loo, 3 per deg 

&C 

directional-stability parameter, measured at j3 = Oo, - per deg aP 

per deg effective-dihedral parameter, measured at j3 Oo, - ac2 
aB 
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side-force parameter, measured at p Oo, - 3% per  deg 

Component designations: 

B4 bas ic  forebody 

extended forebody 

t rapezoidal  wing 

Bs 
w3 
w4 d e l t a  wing 

c2 t rapezoidal  canard 

d e l t a  canard 

v e r t i c a l  t a i l  

c5 

v2 

MODELS AND APPARATUS 

Details of t h e  models a r e  shown i n  f i g u r e  1, and the  geometric character- 
i s t i c s  a r e  presented i n  t a b l e  I. Coordinates of t h e  bodies are given i n  
t a b l e  11. Photographs of t h e  model a r e  shown i n  f i g u r e  2. It should be noted 
that since many of the  configuration components t e s t e d  i n  this invest igat ion 
were i d e n t i c a l  t o  those discussed i n  reference 1, t h e  same nomenclature i s  used 
i n  t h i s  invest igat ion.  Variations i n  wing v e r t i c a l  pos i t ion  were possible  as 
shown i n  f igure  l ( a ) .  The various body lengths and forebody def lect ions (see 
f i g .  l ( a ) )  were obtained by using t h e  same forebody and afterbody with cylin- 
d r i c a l  center-body adapters having d i f f e r e n t  lengths o r  d i f fe ren t  angles. The 
canard hinge-line locat ion w a s  f ixed with respect t o  the forebody and hence the  
canards moved with t h e  forebody as t h e  forebody def lec t ion  o r  body length varied.  
The canards were motor driven and t h e  canard def lect ions were s e t  by remote con- 
t r o l .  The dihedral  angle of t h e  canards w a s  var ied ( f i g .  l ( d ) )  by interchanging 
sets of canards having d i f f e r e n t  dihedral  angles. 

Force and moment measurements were made through t h e  use of a six-component 
i n t e r n a l  strain-gage balance. 
remote- control led center- l i n e  s t ing .  

The model w a s  mounted i n  t h e  wind tunnel on a 

TECHNIQUES AND TEST CONDITIONS 

Range of Invest igat ion 

This invest igat ion w a s  conducted i n  t h e  Langley 8-foot transonic pressure 
tunnel  over a Mach number range of 0.40 t o  1.20. 
generally from about -2' t o  20' a t  zero s i d e s l i p .  

The angle of a t t a c k  var ied 
I n  addition, tests were 
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conducted through a range of sideslip angles from about -2' to loo for an angle 
of attack of Oo for the configuration used to determine the effects of canard 
dihedral. The variation of the test Reynolds number per foot with Mach number 
is shown in figure 3 .  

I 
Corrections 

The angles of attack and sideslip of the model have been corrected for 
deflection of the balance and sting under load and for tunnel flow angularity. 
Drag results have been adjusted to correspond to the condition of free-stream 
static pressure acting at the model base. 

Transition Strips 

The investigation was conducted with boundary-layer transition fixed. The 
transition strips were 0.10 inch wide and composed of No. 60 carborundm grains 
set in a plastic adhesive. The transition strips were located with the forward 
edges of the strips at 10 percent of the local chord behind the leading edge of 
the wings, canards, and vertical tail and 1.5 inches aft of the body nose. 

PRESENTATION OF RESULTS 

The results of this investigation have been reduced to coefficient and 
parameter form. The basic longitudinal aerodynamic data for all configurations 
are presented in figures 4 to 11 and summarized in figures 12 to 19. The basic 
lateral aerodynamic data for the configuration showing the effect of canard 
dihedral are presented in figure 20 and summarized in figure 21. TO aid in the 
location of data, the following list is given: 

Figure 

Effects of trapezoidal canard C2 and trapezoidal-canard deflection 
on the longitudinal aerodynamic characteristics of B4W3V2 midwing 
configuration. 6, = oO; rc = OO . . . . . . . . . . . . . . . . . . .  4 

configuration. 6, = 0'; rc = OO 5 

Effects of trapezoidal canard C2 and trapezoidal-canard deflection 
on the longitudinal aerodynamic characteristics of B4W4V2 midwing 

. . . . . . . . . . . . . . . . . . .  
Effects of delta canard C5 and delta-canard deflection on the 

longitudinal aerodynamic characteristics of B4W4V2 midwing 
configuration. 6, = 0'; rc = 0' . . . . . . . . . . . . . . . . . . .  6 

Effects of wing vertical location on the longitudinal aerodynamic 
characteristics of B4W3C2V2 configuration for canard deflection 

. . . . . . . . . . . . . . .  angles of 0' and 10'. 6, = Oo; = 0' 7 
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Figure 

Effects of forebody length on the longitudinal aerodynamic 
characteristics of W3C2V2 midwing configuration for canard 
deflection angles of Oo and 10'. 6, = 0'; = 0' . . . . . . . . . .  8 

Effects of forebody deflection on the longitudinal aerodynamic 
characteristics of B4W3V2 high-wing configuration with canards 
o f f . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Effects of forebody deflection on the longitudinal aerodynamic 
characteristics of B4W3C2V2 high-wing configuration for canard 
deflection angles of 0' and 10'. rC = 0' . . . . . . . . . . . . . .  10 
characteristics of B4W3C2V2 midwing configuration. 

Effects of canard dihedral on the longitudinal aerodynamic 

6 n = 0 0 ; 6 c = 0  O . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Variation of longitudinal aerodynamic characteristics with Mach 
number for trapezoidal and delta midwing configurations with 
canards on and off. B4V2; 6c = 0'; S, = O o ;  = Oo . . . . . . . . .  12 

Variation of longitudinal aerodynamic characteristics with Mach 
number for various wing vertical locations. B4W3C2V2; 6n = 0'; r c = o  0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Variation of longitudinal aerodynamic characteristics with Mach 
number for various forebody lengths. Midwing W3C2V2; 6, = 0'; 

rc=oo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Variation of longitudinal aerodynaqic characteristics with Mach 
number for various forebody deflections with canards off. 
High-wing B4W3V2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

number for various forebody deflections with canards on. 
High-wing B4W3C2; rc = 0' . . . . . . . . . . . . . . . . . . . . . .  16 

Variation of longitudinal aerodynamic characteristics with Mach 
number for B4W4V2 midwing configuration and for B4W4V2 midwing 

configuration with delta and trapezoidal canards on. 6, = 0'; 

Variation of longitudinal aerodynamic characteristics with Mach 

6,=oo;rc=o O . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Variation of canard pitching effectiveness parameter with Mach 
number for trapezoidal and delta midwing configurations. 
B4V2; 6, = 0'; rc = Oo . . . . . . . . . . . . . . . . . . . . . . . .  
number for midwing B4W3V2 configuration with canards off and 
with trapezoidal canards at various dihedral angles. 

18 
Variation of longitudinal aerodynamic characteristics with Mach 

6, = 0'; 
6,=0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

20 
Effect of canard dihedral on the lateral aerodynamic characteristics 
of B4W3C2V2 midwing configuration. 6, = 0'; 6, = 0'; a, = 0' . . . . .  
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Figure 

Variation,of l a t e r a l  aerodynamic cha rac t e r i s t i c s  with Mach number 
f o r  canard dihedral  angles of Oo and 90'. Midwing B4W3C2V2; 
6, = oo; 6, = 00; u = oo . . . . . . . . . . . . . . . . . . . . . . . 21 

DISCUSSION 

Effec ts  of Wing 

Planform.- Some e f f e c t s  of wing planform on the longi tudina l  aerodynamic 
cha rac t e r i s t i c s  with canards on and off  a r e  summarized i n  f igu re  12 from data  
presented i n  f igures  4 and 5 f o r  midwing configurations having wings of equal 
area.  A comparison of the  e f f e c t s  of wing planform, canards on or off ,  ind i -  
ca tes  t h a t  the  trapezoidal-wing configuration has considerably higher values 
of C lower drag due t o  l i f t ,  and r e su l t an t  higher values of (L/D)- than 

the delta-wing Configuration throughout the  Mach number range o f  the  invest iga-  
t ion .  
r a t ions  up t o  a Mach number of approximately 2.2. Variations with Mach number 
of the  drag coe f f i c i en t  a t  zero l i f t  f o r  the trapezoidal-  and delta-wing con- 
f igura t ions  ( f i g .  1 2 ( b ) )  show l i t t l e  change a t  subsonic speeds, but above a 
Mach number o f  0.90 there  i s  a not iceable  reduction i n  drag r i s e  f o r  the de l t a -  
wing configuration, a result of the  combined favorable e f f e c t s  of higher wing 
sweep and lower wing thickness.  

LU' 

Similar  r e s u l t s  have been shown i n  references 3 and 4 on similar configu- 

The t rapezoidal-  and delta-wing configurations,  with canards on or o f f ,  a r e  
longi tudina l ly  s t ab le  throughout the  Mach number range, f o r  t he  chosen moment 
reference, as shown i n  f igure  12.  The l a r g e r  change i n  Cm with Mach number 

f o r  the  trapezoidal-wing configuration than f o r  t he  delta-wing configuration 
r e s u l t s  pr imari ly  from the differences i n  C f o r  the  two configurations.  The 
ac tua l  physical  va r i a t ion  i n  aerodynamic-center pos i t ion  i s  very near ly  the  same 
f o r  both wing planforms; f o r  example, between Mach numbers of 0.40 and 1.20 the  
aerodynamic-center s h i f t  amounted t o  approximately 1-70 inches and 1.68 inches 
f o r  the  t rapezoidal-  and delta-wing configurations with canards on, respect ively.  

cL 

I n  comparing l i f t  curves f o r  the  configurations with t h e  two wing planforms 
f o r  canards off  ( f i g s .  &(a)  and 5(a)) ,  it i s  i n t e r e s t i n g  t o  note the  occurrence 
of wing s ta l l  f o r  the  trapezoidal-wing planform a t  Mach numbers of 0.40 t o  0.90, 
a t  a l i f t  coe f f i c i en t  of approximately 0.7; however, the  l i f t  curve f o r  the  
delta-wing planform shows no ind ica t ion  of s t a l l i n g  up t o  the  highest  t e s t  angle 
of a t t a c k  over the e n t i r e  Mach number range. Addition of t he  canard ahead of t he  
wing r e su l t ed  i n  a s l i g h t  improvement i n  the  h i g h - l i f t  c h a r a c t e r i s t i c s  of t he  
trapezoidal-wing configuration, but  had l i t t l e  o r  no e f f e c t  on the  l i f t  charac- 
t e r i s t i c s  of the delta-wing configuration. (See f i g s .  4 (a)  and 5(a) . )  These 
var ia t ions  are a probable r e s u l t  of the  e f f e c t s  of t he  canard-induced downwash 
f i e l d  noted f o r  s i m i l a r  configurations i n  reference 5. 
i n  the  s ta l l  c h a r a c t e r i s t i c s  of the trapezoidal-wing planform may be real ized,  
however, from use of leading-edge devices as indicated i n  references 6 and 7. 

Considerable improvement 



1 Vert ica l  loca t ion . -  The e f f e c t s  of wing v e r t i c a l  loca t ion  on the  longi tudi-  
n a l  aerodynamic c h a r a c t e r i s t i c s  of a trapezoidal-wing configuration are presented 
i n  figure 7 and summarized i n  figure 13. 
on CLa, CmcL, and C, 

obtained f o r  t he  midwing configuration i s  due pr imari ly  t o  the  lower minimum 
drag ( f i g .  7 ( c ) )  of t h e  midwing Configuration. 

The e f f e c t s  of wing v e r t i c a l  loca t ion  
are r e l a t i v e l y  small. The s l i g h t l y  higher (L/D)- 

6, 

I n  f igure  7, a comparison of the da ta  f o r  t h e  three  wing v e r t i c a l  locat ions 
shows t h a t  as t h e  wing i s  moved from the  low pos i t ion  t o  the  high pos i t ion  there  
i s  a subs t an t i a l  improvement i n  the  longi tudina l  aerodynamic cha rac t e r i s t i c s  a t  
t h e  higher angles of a t t a c k  a t  subsonic speeds. 
an increase i n  l i f t ,  a decrease i n  drag, and an increase i,n l i n e a r i t y  of t h e  
pitching-moment cha rac t e r i s t i c s .  

This Fmprovement i s  shown by 

Effec ts  of Forebody 

Length.- The e f f e c t s  of forebody length on t h e  longi tudina l  aerodynamic 
cha rac t e r i s t i c s  of a t rapezoida l  midwing configuration with canards on are shown 
i n  f igu re  8 and summarized i n  figure 14. Varying the  forebody length had l i t t l e  
e f f e c t  on C however, an increase i n  forebody length decreased the  s t a t i c  sta- 

b i l i t y  l e v e l  and increased t h e  canard p i tch ing  effect iveness  as a result of the  
increase i n  canard moment-arm length.  The m a x i m u m  value of  l i f t - d r a g  r a t i o  i s  
reduced ( f i g .  14 (b ) )  as the  body length i s  increased, pr imari ly  because of an 
increase i n  drag associated with the  increase i n  wetted a rea  and skin f r i c t i o n .  

La’ 

Deflection.- The e f f ec t s  of forebody def lec t ion  on the longi tudina l  aero- 
dynamic cha rac t e r i s t i c s  of a trapezoidal-planform high-wing configuration with 
canards off  a r e  presented i n  f igure  9 and summarized i n  figure 15. 
ure  15 it can be seen t h a t  def lec t ing  the  forebody of t h i s  configuration has 
generally s l i g h t  e f f e c t s .  The primary e f f e c t  of forebody def lec t ion  appears i n  
the  pitching-moment coe f f i c i en t  a t  zero l i f t  ( f i g .  15) where increases  i n  fore-  
body def lec t ion  a re  accompanied by s l i g h t  increases  i n  

with canards on a re  presented i n  f igure  10 and summarized i n  f igure  16. 
should be noted again t h a t  s ince canard def lec t ion  angles a r e  measured r e l a t i v e  
t o  the  forebody center  l i ne ,  increases  i n  forebody def lec t ion  result i n  increases  
i n  canard angle r e l a t i v e  t o  the f r e e  stream. The increases  i n  canard angle, i n  
turn,  a r e  the  primary cause of t he  var ia t ions  shown i n  f igure  16. 
in ‘m,o 
canards a re  a t  an angle of 0’ r e l a t i v e  t o  t h e  forebody center  l i n e )  compared 
with the  sum of the  independent values of 
forebody with canards off and by def lect ing the  canards (on an undeflected fore-  
body) ind ica te  t h a t  somewhat higher values of 
t he  forebody with canards on. For example, a t  a Mach number of 1.20, def lec t ing  
the  forebody 2’ with the  canards on results i n  a Cm,o of 0.0390 (from Cm,o 
p l o t t e d  against  M, f i g .  1 6 ( b ) )  compared with 0.0296, a value which i s  the  sum 
of the  independent values obtained by def lec t ing  the  forebody 2O with canards 
of f  (G,o = 0.0110 from f&,o p lo t t ed  against  M, f i g .  15) and by def lec t ing  

8 

From f i g -  

Cm,o. 
Results f o r  def lec t ing  the  forebody of t h e  sane high-wing configuration 

It 

The increases  
r e s u l t i n g  from def lec t ion  of the forebody with canards on (where the  

C,,, obtained by def lec t ing  the  

&,o are obtained by def lec t ing  



p lo t t ed  against  M, 
m% 

t h e  canards 2O f o r  6, = 0' ( A h  = 0.0186 from C 

f i g .  16(b)) .  
with canards on is  a probable result of increased upwash over t h e  forebody with 
increased forebody def lec t ion  and i ts  e f f e c t  upon canard l i f t .  

The higher values of cm,o obtained by def lec t ing  the  forebody 

Canard 

Planform.- Some e f f e c t s  of canard planform on the longi tudina l  aerodynamic 
cha rac t e r i s t i c s  of d e l t a  midwing configurations having canards with e i t h e r  t rap-  
ezoida l  or d e l t a  planforms a r e  summarized i n  f igu re  17 from da ta  presented i n  
f igu res  5 and 6. Addition of the  t rapezoidal  or d e l t a  cmards  t o  the  midwing 
B4W4V2 configuration had a negl ig ib le  e f f e c t  on the  l i f t - cu rve  slope ( f i g .  17). 
The negl ig ib le  e f f e c t  of t h e  canards on 

increase i n  l i f t  generated by the  canards being canceled by a reduction i n  l i f t  
on the  wing caused by flow in te r fe rence  from the  canards. (See r e f .  5 . )  The 
s t a t i c  s t a b i l i t y  l e v e l  f o r  t he  trapezoidal-canard configuration i s  lower than 
f o r  t he  delta-canard configuration as a r e s u l t  of the  r e l a t i v e l y  higher l i f t -  
curve slope of the  t rapezoidal  canard surface.  The e f f e c t s  of canard planform 
on the  drag cha rac t e r i s t i c s  ( f i g .  l 7 ( b ) )  are general ly  s l i g h t .  

i s  an apparent result of any 
cLU 

Control effect iveness . -  The p i tch ing  effect iveness  of t he  t rapezoidal  and 
d e l t a  canards i s  presented i n  f igu res  4, 5, and 6 and summarized i n  figure 18. 
A comparison of t he  p i tch ing  effect iveness  of t he  t rapezoidal  and d e l t a  canards 
on the  delta-wing configuration ( f i g .  18) indica tes  t h a t  the  t rapezoidal  canard 
has a notably higher C, as a r e s u l t  of i t s  higher C at  low l i f t  coe f f i -  

c ients ;  however, a t  the  lower Mach numbers, the  d e l t a  canard exhib i t s  b e t t e r  
pitching-moment c h a r a c t e r i s t i c s  a t  higher l i f t  coe f f i c i en t s  (compare f i g s .  5 ( c )  
and 6 (c )  ) because of the  t rapezoida l  canard s t a l l i n g  a t  r e l a t i v e l y  low combined 
def lec t ions  and angles of a t t ack .  Improvement i n  the use of t he  t rapezoidal  
canard as a longi tudinal-control  device a t  subsonic speeds may be r ea l i zed  by 
the  use of leading- and t ra i l ing-edge devices. 

6, LU 

(See r e f s .  6 and 7 . )  

If in te r fe rence  e f f e c t s  a r e  neglected, the canard f o r  a given angular 
def lec t ion  should be expected t o  provide equal incremental p i tch ing  moments fo r  
both the  de l ta -  and trapezoidal-wing planforms. 
effect iveness  of t he  t rapezoidal  canard f o r  the 
than f o r  the  delta-wing configurat ion ( f i g .  18) 
va r i a t ions  i n  E as noted i n  the  discussion of 
the  difference i n  canard p i tch ing  effect iveness  
undoubtedly i s  due t o  var ia t ions  i n  canard-wing 
e f f e c t s  are probably s i m i l a r  t o  those discussed 

A comparison of t h e  pitching-moment curves 

The grea te r  apparent p i tch ing  
trapezoidal-wing configuration 
i s  pr imari ly  a result of t he  
wing planform; however, some of 
f o r  the  two configurations 
in te r fe rence  e f f ec t s .  These 
i n  references 5 and 8. 

( f ig s .  4 ( c )  and 5 ( c ) )  f o r  con- 
f igu ra t ions  with canards on shows that a t  low subsonic speeds the t rapezoidal  
canard stalls at  a much lower l i f t  coe f f i c i en t  f o r  the  delta-wing configuration 
than f o r  t he  trapezoidal-wing configuration. 
canard being a t  a higher angle of a t t ack  f o r  t he  delta-wing configuration than 
f o r  t h e  trapezoidal-wing configuration a t  a given lift coe f f i c i en t .  

This i s  due t o  the  t rapezoidal  

9 



Dihedral.- The use of fo ld ing  canard surfaces  has been proposed as a m e a n s  
t o  cont ro l  aerodynamic-center travel over t h e  range from subsonic t o  supersonic 
f l i g h t  speeds. I n  order t o  explore the  e f f e c t s  of canard dihedral,  t he  t rape-  
zoidalmidwing configuration was t e s t e d  with the  d ihedra l  angles of t he  t rape-  
zoidal  canard at Oo, 30°, 60°, and 90'. (See f i g .  l ( d ) . )  The e f f e c t s  of canard 
d ihedra l  on the  longi tudina l  aerodynamic c h a r a c t e r i s t i c s  are presented i n  f i g -  
ure 11 and summarized i n  figure 19. From figure 19 it i s  apparent t h a t  the  

are general ly  small e f f e c t s  of canard d ihedra l  on % , (L/D)-, and C 

and involve s l i g h t  decreases i n  C and (L/D)- and a s l i g h t  increase i n  

C D , ~  as canard d ihedra l  increases .  
dral angle i s  t o  increase the  s t a b i l i t y  leve l ,  as would be expected, by an amount 
t h a t  remains f a i r l y  constant over the  Mach number range. 

D,o a 

La 
The main e f f e c t  of increasing canard dihe- 

The l a t e r a l  and d i r ec t iona l  aerodynamic c h a r a c t e r i s t i c s  of t rapezoidal  mid- 

Both configurations possess 
wing configurations with trapezoidal-canard d ihedra l  angles of 0' and 90' are 
presented i n  f igu re  20 and summarized i n  figure 21. 
pos i t i ve  e f f ec t ive  d ihedra l  

Mach number range a t  Comparing the  results fo r  the  configuration with 
the  canard dihedral  angle of 90' with those f o r  the  configuration with t h e  canard 
dihedral  angle of 0' ind ica tes  t h a t  there  i s  a subs t an t i a l  decrease i n  the  lat-  
eral s t a b i l i t y ,  a s l i g h t  increase i n  Cy 

t i o n  i n  Cn 

as would be expected. 

and a r e  d i r ec t iona l ly  stable throughout t he  J%) 
a = 0'. 

(more negative),  and a notable reduc- 
B 

(approximately 40 percent)  f o r  t he  canard dihedral  angle of 90' 
P 

CONCLUSIONS 

An inves t iga t ion  has been conducted a t  t ransonic  speeds t o  determine the  
e f f e c t s  on the  aerodynamic cha rac t e r i s t i c s  of canard a i rp lane  configurations of 
var ia t ions  i n  wing planform and v e r t i c a l  location, forebody def lec t ion  and 
length, and canard planform, def lect ion,  and dihedral .  The results of t h e  inves- 
t i ga t ion  ind ica t e  the  following conclusions: 

1. Throughout t he  Mach number range of t h e  invest igat ion,  the  t rapezoidal-  
wing configuration exhibi ted higher l i f t - cu rve  slopes, reduced drag due t o  l i f t ,  
and increased l i f t - d r a g  r a t i o s  i n  comparison with the  delta-wing configuration; 
however, the  delta-wing configuration exhibi ted a much lower t ransonic  drag r i s e .  
A t  low Mach numbers, the  trapezoidal-wing configuration experienced wing stall  
at  l i f t  coe f f i c i en t s  f o r  which no ind ica t ion  of s ta l l  w a s  evident f o r  the  de l ta -  
wing configuration. 

2. Variations i n  v e r t i c a l  locat ion of t he  t rapezoidal  planform-wing had 
l i t t l e  e f f e c t  on the  low- l i f t  longi tudina l  aerodynamic cha rac t e r i s t i c s .  A t  
l a rge  angles of a t tack,  movement of the  wing from the  low t o  high pos i t ion  w a s  
accompanied by an improvement i n  subsonic longi tudina l  aerodynamic characteris.  
t i c s ,  p a r t i c u l a r l y  a delay i n  the  onset of wing stall. 

10 



3 .  Deflections of t h e  fuselage forebody with canards on or off  f o r  t h e  
trapezoidal-wing configuration provided increases  i n  t h e  z e r o - l i f t  p i tch ing  
moment with l i t t l e  or no increase i n  drag. 
of t h e  trapezoidal-wing configuration r e su l t ed  i n  a decrease i n  s t a t i c  sta- 
b i l i t y  l e v e l  and an increase i n  canard p i tch ing  effect iveness  as a result 
of t h e  increase i n  canard moment-arm length.  

Increasing t h e  forebody length 

4. The t rapezoidal  canard exhibi ted a higher p i tch ing  effect iveness  compared 
with t h e  d e l t a  canard on the  delta-wing configuration a t  l o w  l i f t  coef f ic ien ts ,  
but experienced e a r l i e r  s ta l l  at the  lower Mach numbers with at tendant  l o s s  i n  
effect iveness .  

5.  Increases i n  the  d ihedra l  of the  t rapezoidal  canard on the  trapezoidal-  
wing configuration r e su l t ed  i n  s ign i f i can t  increases i n  longi tudina l  s t a b i l i t y  
and a notable lo s s  i n  d i r ec t iona l  s t a b i l i t y .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va., June 25, 1964. 
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TABU I.- GEOMETRIC CHARACTERISTICS O F  MODEL 

B4 
Body : 
Maximum diameter. i n  . . . . . . . . . . . . . . . . . .  3.33 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . .  37.00 

Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . .  11.10 
Base area. sq i n  . . . . . . . . . . . . . . . . . . .  8.71 

w3 
Wing : 

Span . in  . . . . . . . . . . . . . . . . . . . . . . . .  24.00 
Root chord at body center  l i ne .  i n  . . . . . . . . . . .  12.80 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . .  3.20 
Area, including intercept .  sq i n  . . . . . . . . . . . .  192.00 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  3.00 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.25 

Sweepback angle of leading edge . . . . . . . . . . . .  30°58' 
Thickness. percent chord . . . . . . . . . . . . . . . .  4.0 
A i r f o i l  sect ion . . . . . . . . . . . . . . . . .  Circular  a r c  

Mean geometric chord. i n  . . . . . . . . . . . . . . . .  8.96 

Canard : 
Area. exposed. sq i n  . . . . . . .  
Ratio of exposed area t o  wing a rea  
Area. including intercept .  sq i n  . 
A i r f o i l  sect ion . . . . . . . . .  
Maximum thickness. i n  . . . . . .  
Sweepback angle of leading edge . 
Span. i n  . . . . . . . . . . . . .  
Mean geometric chord. i n  . . . . .  
Hinge-line location. percent chord 

. . . . . . . . . . .  13.59 . . . . . . . . . . .  0.071 

. . . . . . . . . . .  24.90 . . . . . . . . .  Hexagonal 

. . . . . . . . . . .  0.188 

. . . . . . . . . . .  38.6' 

. . . . . . . . . . .  6.60 

. . . . . . . . . . .  4.02 

. . . . . . . . . . .  50.70 

B5 

3.33 
41.50 
8.71 
12.50 

w4 
16.72 
22.97 

0 
192.00 
1.46 
0. 00 
15.31 
70° 
2.5 

Hexagonal 

c5 
14.44 
0.075 
31.20 

Hexagonal 
0 . 313 

70° 
6.74 
6.17 
42.20 

Vert ica l  t a i l :  
Area. exposed. sq i n  . . . . . .  
A i r f o i l  sec t ion  . . . . . . . .  
Maximum thickness. i n  . . . . .  
Sweepback angle of leading edge 
Span. exposed. i n  . . . . . . .  
Aspect rat i o  . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . .  

v2 

. . . . . . . . . . . . . . . . . . .  23.46 

. . . . . . . . . . . . . . . .  Wedge p l a t e  

. . . . . . . . . . . . . . . . . . .  0.188 . . . . . . . . . . . . . . . . . . .  60° 

. . . . . . . . . . . . . . . . . . .  5.10 

. . . . . . . . . . . . . . . . . . .  1.11 

. . . . . . . . . . . . . . . . . . .  0.314 
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TABU 11.- COORDINATES FOR BODIES B4 AND B5 

- -- 

Body s ta t ion ,  Radius, 
in. 

_ _  __--  in. - __ . - I .  - - 

Parabolic fo rebodes ,  B4 and B5 
-~ ~ 

0 
' 297 
.627 
.956 
1.285 
1.615 
1.945 
2.275 
2.605 
2.936 
3.267 
3.598 
3.929 
4.260 
4.592 
4 - 923 
5.255 
5 587 
5.920 
6.252 
6.583 

~- 

0 
.076 
.156 
* 233 - 307 - 378 
.445 - 509 
.573 
.627 
.682 

.824 
,865 
.g03 
.940 
,968 
996 

1.020 
1.042 

_ _  ._ - - . - 

5 

1.042 1- 1.667 

Conical frustum forebodies, B4 and B 
_ -  ____ . .. . ~ ~. 

6.583 
17 - 750 

- _ _ _  . .. ._ .- -. . 

Cylindrical  afterbody, B4 
, ~ _. - _ _  . ._ ~ - 

17 750 1.667 
1.667 37.000 

~- _ _  I . ~ . .  

I---- 
~ 

Cylindrical  afterbody, B5 
-. . . .- - . . ~ 

1.667 
1.667 

- . . . . -. 

17 * 750 
41.500 

~ 
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1.41 

H L for B5 H L for E4 
I 
I 

, 
1.30 , , 

f -7 

. . . 
Conard hinge lineA 
9.125 inches oft 
of nose for each body 

-37.00 
-41.50 

i72.20 

a -21.25 -' \Pivot  point for forebody B4 

(a)  Three-view drawing of general  arrangement. 

Figure 1.- Deta i l s  of model. A l l  dimensions a r e  i n  inches unless 
otherwise noted. 



7. 

12 

8.36 

.- 12.80 ~- - 

Trapezoidal wing W3 

(b) Details of wings. 

Figure 1.- Continued. 
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- k x ]  Canard- body juncture 

Trapezoidal canard C2 

Canard - body juncture 

Delta canard C5 

(c) Details of canard planforms. 

Figure 1. - Continued. 



Canard r hinge line 

Canards with r,= 30",6O0,and /- fold upward along this line 

L 

(a) Dihedral of canard. 

Figure 1.- Concluded. 
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( a )  Configuration B4WJC2V2 with midwing. 
L-58-323a 

(b) Configuration B4W4C2V2 with midwing. 

Figure 2.-  Photographs of model. 

L-58-3258 
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Mach number, M 

Figure 3.- Variation with Mach number of test Reynolds number per foot. 
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2b 24 

Angle lite( 

(a) Lift coefficient plotted against angle of attack. 

Figure 4.- Effects of trapezoidal canard C2 and trapezoidal-canard deflection on the longitudinal 

aerodynamic characteristics of B W V midwing configuration. 6, = Oo; = 0'. 
4 3 2  



Lift ccefficient,CL Lift coefficien1,CL 

(b) Drag coef f ic ien t  p l o t t e d  aga ins t  l i f t  coef f ic ien t .  

F i p r e  4.- Continued. 
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(c) Pitching-moment coefficient plotted against lift coefficient. 

Figure 4. - Continued. 
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( c )  Pitching-moment coef f ic ien t  p l o t t e d  aga ins t  l i f t  coef f ic ien t .  Concluded. 

Figure 4.- Concluded. 
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attoc 
1'2 

altock,a,deq 
24 

(a)  Ldft c o e f f i c i e n t  p l o t t e d  against  angle  of a t tack .  

Figure 5.- Effec ts  of t rapezoida l  canard C2 and trapezoidal-canard def lec t ion  on the  longi tudina l  
aerodynamic c h a r a c t e r i s t i c s  of B ~ W ~ V Z  midwing configuration. 6, = 0'; rc = 0'. 
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(b) Drag coefficient plotted against lift coefficient. 

Figure 5. - Continued. 
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(c) Pitching-moment coefficient plotted against lift coefficient. 

Figure 5. - Concluded. 
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(a) Lift coefficient plotted against angle of attack. 

Figure 6.- Effects of delta canard C5 and delta-canard deflection on the longitudinal aerodynamic 
characteristics of Bl+wl+v2 midwing configuration. 6, = 0'; Fc = Oo. 
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(b) Drag coefficient plotted against lift coefficient. 

Figure 6.- Continued. 

29 



Lifi coefficim 
I 

" 

-.I 6 

-.24 

-.2 8 
-9 -. 

Lil 

SC, de! 
I O  
1 5  
> IO 
I 15 . Off  

(c) Pitching-moment coefficient plotted against lift coefficient. 

Figure 6.- Concluded. 
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(a) Lift coefficient plotted against angle of attack. 6c = 0'. 
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Figure 7.- Effects of wing vertical location on longitudinal aerodynamic characteristics of 
B ~ W J C ~ V ~  configuration for canard deflection angles of 0' and 10'. 6n = Oo; rc = 0'. 
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(b) L i f t  coef f ic ien t  p l o t t e d  against  angle  of a t tack .  Sc = 10'. 

Figure 7. - Continued. 
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(c) Drag coefficient plotted against lift coefficient. 6c = 0'. 

Figure 7. - Continued. 
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Figure 7. - Continued. 
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Figure 7. - Continued. 
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( f )  Pitching-moment coef f ic ien t  p l o t t e d  aga ins t  l i f t  coef f ic ien t .  6c = 10'. 

Figure 7. - Concluded. 

I 

I .o 



-.i=' --.4 -4 

igle IttOCl 

e 

1 24 

1.c 

.a 

.6 

.4 

.2 

C 

C 
A 
0 
c 

p? 
0 e 

5 - 
'c _I 

C 

C 

-. L 
- L  

Angle I 

Forebody Sc,deg 

o Basic B4 0 
Basic B~ 10 

0 Extended B5 0 
A Extended B. 

lttac 

10 

I 24 

(a) Lift coefficient plotted against angle of attack. 

Figure 8.- Effects of forebody length on longitudinal aerodynamic characteristics of 
W3C2V2 midwing configuration for canard deflection angles of Oo and loo. 6, = 0'; 
rc = oo. 

37 



I 

-~ 
d 

15 
__ 

.36 

.20 

.I 6 

n 

0- 
-.4 - ' I  

L i  coeff ic ient ,  CL 

T 

1.0 1.2 

.36 

.I 6 

.I 2 

.O 8 

.o 4 [I 
OM= 1.0( 1 i 

 OM^ 1- 
OM= 1.02 

-.4 -.2 

b 

I l l / /  
Forebody SC, de( 

o &sic B4 0 
Basic B4 I O  

0 Extended B5 0 
A Extended B5 10 

I t  

0 .2 . 
L i f t  c o f  

t 
~ II 
I .6 

icient, CL 

(b) Drag coefficient plotted against lift coefficient. 

Figure 8.- Continued. 

1 1 1 1 ~ 1 1 1 1 I I I I I I I I I I I I I I I I  111111 1111111111.1111. II I Ill I II 
& 



&- 

a. 

1 
1 

L i f t  : coe 
.I ,; 

cient,CL L 

Forebody SC, deg 

o Basic B4 0 
Basic B I O  

0 Extended B l  0 
A Extended B. IO 

.4 . 
coefficient, CL 

(c) Pitching-moment coefficients plotted against lift coefficient. 

Figure 8. - Concluded. 

39 



P 

1.2 

.2 

-.4 
-4 4 8 12 

Angle of dtack,a,deg 

MI 

1 i 
ry 

1 1 

(a) Lift coefficient plotted against angle of attack. 

Figure 9.- Effects of forebody deflection on longitudinal aerodynamic characteristics of 
B ~ W ~ V Z  high-wing configuration with canards off. 

40 



.4 

.3 

.3 

.2 

.2 

.2 

.I 

. I  

.O 

.O 

n 
0 
c g 

E 

r 

0 

o? 

i 

/ 

5 

Lift cwffick C L  

0 
2 
4 

Lift coeffic 

(b) Drag coefficient plotted against lift coefficient. 

Figure 9. - Continued. 



.o E 

.04 

C 

E -  *. 
c 
2 ._ 
r - 
8 - 
5 05 
E 

$ -.04- 

-.08- 

c 
I: 
.- 

-.I 2 -  

-.I 6 -  

-.20~ 

-.24 

-.28- 
- 

-.32- 
- 

-.36- 

-.40L 
-9 

e 

I 
.i . . .V LO 

Lift ccefficient,CL 

OM.09 1 
-.36 

-.40 
-9 -. a 

E 

( c )  Pitching-moment coef f ic ien t  p l o t t e d  against  l i f t  coef f ic ien t .  

Figure 9.- Continued. 

42 

I I  I 



.I : 

.Ol 

.O, 

, 

E 
0 

.P -.o 

5 -.c 

- 
a 

5 
(u 

E 

5 -.I 
0, 

2 
Y -.I 

-. L 

-. L 

- 

- 

- 

_ I  

- 1  

- I  

-. . 

-.I -. 2 

h r: 

eff 

3 

3 

.I 2 

0 8  

.o 4 

C 

..O' 

-.O, 

-.I : 

-.I 

-. 2 
-. 2 

-. 2 

-. 3 

-.3 

-.4 

-.4 

-.4 

-. 5 
-. 5 

-. 6 
U 

( c )  Pitching-moment coefficient plotted against lift 

! 

Cft  cot 

dec 
0 
2 
4 

- -  

a 

5 .8 I. 
!nf,CL 

coefficient. Concluded. 

Figure 9. - Concluded. 



-4 ( 4 
Angle o 

I 
i 

ock ,a,deg 
1 

nack 

(a) Lift coefficient plotted against angle of attack. = 0' 

Figure 10.- Effects of forebody deflection on longitudinal aerodynamic characteristics of 
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44 



AJ “1 

Sn, de( 
0 
2 
4 

lttock ,a,deg 

(b) L i f t  c o e f f i c i e n t  p l o t t e d  aga ins t  angle of a t tack .  SC = 10’. 

Figure 10. - Continued. 



.40 

.36 

.2 4 

.20  

. I  6 

. I  2 

.o 4 

n 

O M S  
-.4 -. 

:[ OM= 1.0 

OM= L! 1.03 

OM= rr 1.20 
~ 

.4 .6 .8 1.0 1.2 -.4 -.2 
L i f t  coef  f icient,CL 

0 .2 .4 .6 .8 1.0 I 
L i f t  coe f f i c i en t ,  CL 

( c )  Drag coef f ic ien t  p l o t t e d  aga ins t  l i f t  coef f ic ien t .  = Oo. 

Figure 10. - Continued. 

46 



c 

c 

c 
-.4 -.2 

L i f t  coe f  f icient,CL 

.4 4 

.4c 

.3 E 

.3 i 

.2 E 

.2 L 

.2 c 

.I E 

,I i 

.OE 

.O' 

? c  

! 

> 
? 

> 

I 

C 

C 

C 
- 

? 

0 
2 
4 

L i f t  coefficient,($ 

(d)  Drag coef f ic ien t  p l o t t e d  aga ins t  l i f t  coef f ic ien t .  6, = loo. 

Figure 10.- Continued. 

47 



.04 

+ 

712 

-.4 -_ 

. 

. 

i . 
. 

<: 
1 

\ 
\ 

\ 

\ 

.Z .4 .6 .8 
Lif t  coef f ic ient ,  CL 

I .0 

-" 
.04 

OM=OZ tt 

OM= 1 1.01 

OM= 1 I 03  

OM= I 1.20 

\ 

, I 6 i  1 
-.4 -.2 0 .2 

1 
\ 

,?  

k 
t 

\ 

i OI 

.4 .6 
L i f t  coeff icient, CL 

I 

( e )  Pitching-moment coefficient plotted against lift coefficient. 6 ,  = Oo. 

Figure 10.- Continued. 

48 



.2 

.I 

. I  

.O* 

.o, 

-.O, 

-.O 

-.I 
- 0 .  

L i f t  coef ficient,CL 

,035 

~- 
1.00 

I 

= 103 

4 

I 
I 
1 

~ 

=I20 

L i f t  coefficien1,CL 

(f) Pitching-moment coefficient plotted against lift coefficient. b C  = 100. 

Figure 10. - Concluded. 

49 



I .4 

-.4 
-4 ' 

Angle of attc 

I 
i 
1 
T 20 

-4 ( . - I2 
Angle of ottock,a,deg 

i 

( a )  L i f t  coef f ic ien t  p l o t t e d  aga ins t  angle of a t tack .  

Figure 11.- Effec ts  of canard dihedral  on longi tudina l  aerodynamic c h a r a c t e r i s t i c s  of 
B4WgCeV2 midwing configuration. Sn = Oo; EiC = 0'. 



.28 

.24 

.2 0 

.I 6 

.I 2 

.08 

$ .04 - 
'u 
0 .- 5 OM; 
u 

g . 4 0  

.36 

0 

.3 2 

.2 8 

. 2 4  

.2 0 

.I 6 

.I 2 

.o 8 

.O 4 

OM. 
-.4 - 

4 

Lift coefficient ,CL 

1 

C 
7 . 401  
- I .36 

.32 

.28 

.24 

. 20  

. I 6  

. I 2  

.08 

- 

- 

~ 

- 

- 

~ 

~ 

- 

~ 

- 

- 
- 

- 

a 
- 0 . 0 4  - c 
0 - - 

-i OM? 
- F.40 
n - 

~ .36 
- 

~ .3 2 

.28 

. 2 4  

.2 0 

.I 6 

- 

- 

. 

I i  I 

0 
30 
6 0  
90 

Lift coefficient,CL 

(b) Drag coefficient plotted against lift coefficient. 

Figure 11. - Continued. 



.GO- 

.56- 

.52- 

.48 

.44- 

.40- 

.36- 

.32 

.2 8 

.24- 

.20- 

.I 
3 -  

-.I 2 

; .08 

I .04- 

.40- 

.3 6 

.3 2 

.28 

.2 4 

.20- 

.I 6 

.12- 

.08 

.04- 

-.4 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

~ 

- 

- 

6- 

- 

~ 

- 

~ 

OM; 
~ 

- 

~ 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

OM= 
- 

50-  
- 

.56- 
- 

.52 

.48- 

- 

- 

- 
.44- 

.40 

- 

- 

- 
.3 6 

.3 2 

.28- 

- 

- 

~ 

~ 

90 

.24 

.I 6 

.04 

- 

.40- 

.36- 

.3 2 

2 8 -  

.24-  

.20- 

. l 6 -  

- 

- 

- 

- 

- 

.04 

OM. 
.6 .8 I .o 1.4 .6 

Lift coefficient.CL 
.8 -.4 - 

ufl ccefficient,CL 

(b) Drag coefficient plotted against lift coefficient. Concluded. 

Figure 11. - Continued. 

t 



.O 

.o 

E 
0 
c 
.'u .Y 
r 

B 
E -.o 
- c 
F 
5 -.o 
m c 

& 

h 
-.I 

-.I 

-.2 

-. 2 

-. 2 

-. 3 

-. 3 

-. 4 

7 4  

Lift coeffici;! 

I 

.O E 

.O 

s 
+- c m 0 

m 
- + 

8 
c 
c m 
E 

$ 
m 

-.OL 

-.OE 

-.I 2 

-.I c 

-.2 ( 

-.2 L 

-.2 E 

-.3 i 

-.3E 

-.4c 

-*4L 
- 

0 
30 
50 

! 

1 

\ 

\ 

1 
.6 

Lif t '  coefficient,CL 
I .4 

(c) Pitching-moment coefficient plotted against lift coefficient. 

Figure 11. - Continued. 

53 

. .  



. .  
Lift coeffici 

.8 
CL 

I 2 

-.5 2 

:5 6 

-.4 -. 

I 
\ 

\ 

I 

\ 

\ 

'L 

rc, de 
C 
30 
60 
90 

1 1  

1.0 1.2 1.4 

( c )  Pitching-moment coef f ic ien t  p l o t t e d  against  l i f t  coef f ic ien t .  Concluded. 

Figure 11. - Concluded. 

54 



. I O  
w, c2 

w4 c2 

- w3 

w4 

--- 

.O 8 

+ 

_-  _- 

Mach number, M 
? 1.4 

Mach number, M 

( a )  Cb and C, . 
CL 

Figure 12.- Variat ion of longi tudina l  aerodynamic c h a r a c t e r i s t i c s  with Mach number for t rapezoidal  
and d e l t a  midwing configurat ions with canards on and o f f .  B4V2; 6c = 0'; 6n = Oo; rc = 0'. 

55 



I 

w3 cz 
w4 cz 

- w3 

w4 

--- 

--- 

.6 .8 
Mach numb€ 

i i  

i r  

1 1  .8 

I I  
-1-t A 

1 1  
Mach number, M 

1 2 

I .d 

I .  

(b) (L/D),, and cD,o. 

Figure 12.- Concluded. 



. I O  

.O 8 

La 
C 

.06 

.O 4 

-.I 

-. 2 

CmCL 

-. 3 

-.4 

t Wing position 
High 
Mid 
Low 

--- 
- 

Mach number, M 

1 

3 

. 

1.2 I .4 

2 I .4 
Mach number, N 

Mach number, M 

.006 I 
.2 

Figure 13.-  Variation of longitudinal aerodynamic characteristics with Mach number for various 
wing vertical locations. B4WJC2V2; = Oo;  rc = Oo. 

57 



--- 
- 

Wing position 
High 
Mid 
Low 

Mach number, 
I .o 

M 

Mach number, M 

1 1. t 

- 
I 9 



.I 0 

-08 

cL, 

.06 

.04 

0 

-. I 

CrrlcL-'2 

-. 3 

-.4 

.014 

c m  .OlO 6, 

Fore body 

B41 I 
B 5 1  I --- 

.6 .8 

I 

Mach number, M 

I I .4 

Mach number.M 

.4 
Mach number,M 

Figure 14.- Variation of longitudinal aerodynamic characteristics with Mach number for various 
forebody lengths. Midwing W3C2V2; Sn = 0'; rc = Oo. 

59 



Fore body 

04 
B5 

--- 

Mach number, M 

Mach number, M 

(b) (L/Dlmax and CD,~. 

Figure 14.- Concluded. 

I .d 

60 



- -17+YZjT t ,' 

I / - 

. I O  

.08 

La 
C 

.06 

.04 

/ 

I 

/' i 
Y 

.4 
- 

I .  
Mach number, M 

-. 2 

-. 3 

mCL 
C 

-.4 

-. 5 

'02 I 
cm*o 0 L 

.2 

.6 .8 
Mach number, M 

Figure 15.- Variation of longitudinal aerodynamic characteristics with Mach number fo r  various 
forebody deflections with canards off. High-wing B4W3V2. 

61 



S",dW 
0 
2 
4 

I 

.6 

A I  
I \  I 
I \  ! I  

.U I .o 
Mach number, M 

J 

f I  
I 

I 
I .o I .L 

Mach number, M 

- 

I 

1 

I .4 

I. 

62 



I 

* I C  

.08 

CLCl 

-06 

.04 

0 

-. I 

C W L  

-. 2 

- 7  
. V  

Be= 0" 

Sc= 0" 
I .4 

4 - 

.6 .8 
Mach number, M 

.6 .8 I .o 
Mach number, M 

2 1.4 

Figure 16.- Variation of longitudinal aerodynamic characteristics with Mach number for various 
forebody deflections with canards on. High-wing B ~ W J C ~ V ~ ;  Pc = Oo. 



.08 

.06 

Cm,o -04 

.02 

0 

Mach number, M 

.014 

,006 

- > I .4 

2 .4 .6 .% 1.0 1.2 1. 
Mach number, M 

4 

64 



.04 

.03 

'D,o -02 

.o I 

I 
L 
I-- 

6,= 0" 

.4 

Sc= 0" 
.4 .6 

Mach number, M 

.8 

f P 

Mach number, M 

I .4 

I .o 



Canard 

c2 

c5 
--- 

O f f  - 

.2 .4 .6 I .o 

I 1  
.8 I !  

Mach number,M 

- _  - _ -  I 7 

I .2 

I .8 I .o 1.2 
Mach number, M 

I. 

I. c 

% 
(a) C b  and C 

Figure 17.- Variation of longitudinal aerodynamic characteristics with Mach number for 
B4W4V2 midwing configuration and for B4W4V2 midwing configuration with delta and 
trapezoidal canards on. 6, = 0'; €5, = 0'; rc = 0'. 



Canard 

8 

4 

.Ot 

.o 2 
D 7 0  

C 

.o I 

0 

1 c- 
.4 

.4 

c2 

c5 
--- 

- Of f  

1 4 
1 
.6 

.6 

I .o 
Mach number, M 

Mach number, M 

(b) (L/D)- and CD,o- 

Figure 17. - Concluded. 



11111l111llI I I 

". 2 .4 .6 -8 I .o I .2 I .4 
Mach number,M 

Figure 18.- Variation of canard pitching effectiveness parameter with Mach number for trapezoidal and 
delta midwing configurations. B4V2; 6n = 0'; rc = 0'. 

I&- --I. I I I I I11111.1 111111-111111111111 111111111111 I I 1111 I I  2 I 68 



. I  0 

.08 

La 
C 

.06 

.04 

-. I 

-. 2 

C " y . 3  

-. 4 

-.5 

.4 

t- 
k: 
L 
F 

.4 

Mach number, M 

Mach number, M 

(a) CL and cTL. 

Figure 19.- Variation of longi tudina l  aerodynamic c h a r a c t e r i s t i c s  with Mach number for midwing 
B ~ W ~ V Z  configuration with canards off and with t rapezoida l  canards a t  various d ihedra l  angles. 
6n = 0'; 6c = 0'. 

69 



i l  w 
I 1  
I !  

.4 .6 

e / - -  - 

.8 
Mach number, M 

_i 7 
1.2 

1 1  -7 1 
I I  

.8 
Mach number, M 

(b) (L/D)- and CD,~. 

Figure 19.- Concluded. 

I 

i 
.2 

I .4 



L 

I 

rc, deg 
0 0  
0 90 _- .03 ____ .03 M=0.40~ .3 

." , 

-.-. 

oak< 

z--- 
0 

0 

-. I 

z24 - 2  0 2 4 6 8 i o  
Angle of sideslip,&deg Angle of sideslip ,P,deg Angle of sideslip ,P,deg 

Figure 20.- Effect of canard dihedral on lateral aerodynamic characteristics of B4W3C2V2 midwing configuration. 
6 ,  = 0'; 6c = 0'; u = 0'. 

b 



- - 

CZ P 

Mach number,M 

__ - _  -1- - -4- -y.- / n !  

cnk3 

\ 

Mach number, M 

C 
ys 

0 

-.o I 

-.02 

\ 

'. 
\ 

~~ 

3 

2 .4 .6 .8 1.0 I. 2 
Mach number, M 

I 
I ,4 

.4 

1.4 

Figure 21.- Variation of lateral aerodynamic characteristics with Mach number for canard 
dihedral angles of 0' and 9'. Midwing B4WJC2V2; 6, = 0'; 6, = Oo;  a = Oo. 

72 NASA-Langley, 1964 L-3939 


